Twenty half-gallon roller bottles (Bellco Glass, Vineland, N.J.) were used per membrane preparation, and each bottle was seeded with 1 to 2 X 107cells in 100 ml of stock culture medium supplemented with 10% calf serum, 0.0146 Ag/ml of d-biotin, and 2.75 jig/ml of vitamin B12. d-Biotin and vitamin B12 minimize loss of SV3T3 cells from the substratum after confluence and overgrowth are reached (our unpublished data). SV3T3 cells were harvested at maximal cell density, and each bottle yielded more than 2 X 108 cells.
butyric acid was purchased from New England Nuclear Corp., and a-amino[methyl-3H]isobutyric acid was purchased from International Chemical Nuclear. The [3H]AIB was shown to chromatograph as a single spot by two dimensional chromatography on thin-layer chromatography plates made with silica gel 60 (Brinkman). The solvent for the first dimension was npropanol:H20 (1:1, vol/vol), and for the second dimension was n-butanol:acetic acid:H20 (4:1:1, vol/vol). AIB No mycoplasma was detected.
Twenty half-gallon roller bottles (Bellco Glass, Vineland, N.J.) were used per membrane preparation, and each bottle was seeded with 1 to 2 X 107cells in 100 ml of stock culture medium supplemented with 10% calf serum, 0.0146 Ag/ml of d-biotin, and 2.75 jig/ml of vitamin B12. d-Biotin and vitamin B12 minimize loss of SV3T3 cells from the substratum after confluence and overgrowth are reached (our unpublished data). SV3T3 cells were harvested at maximal cell density, and each bottle yielded more than 2 X 108 cells.
Preparation of Membrane Vesicles. The preparation was based on the procedure described by Wallach and Kamat (19) . We made these modifications: dense cultures were scraped with a rubber spatula into a solution of 0.15 M NaCl and 10 mM potassium phosphate (pH 7.3) at 4°. The suspended cells were washed only once in 0.25 M sucrose, 0.5 mM Tris*HCI (pH 7.4), and 2 mM MgSO4 (STM). Nitrogen pressure was 4.1 MPa. After 5 min under pressure, the homogenate was delivered dropwise from the instrument and no EDTA was added. The membrane pellet from the centrifugation at 110,000 X g was suspended in STM to give a final protein concentration of 10-20 mg/ml (MV). The suspension was stored at -70°.
Analytical Methods. Protein was determined by intrinsic protein fluorescence (20) . (Na+, K+)-ATPase (ATP phosphohydrolase, EC 3.6.1.3), a plasma membrane marker, was measured by the method of Yoshikawa et al. (21) . The released phosphate was quantitated according to Ames (22) . Another plasma membrane marker (23-25), 5'-nucleotidase (5'-ribonucleotide phosphohydrolase; EC 3.1.3.5), was assayed by the method of Avruch and Wallach (26) . The concentration of AMP was 100 gM. NADH oxidase NADH: (acceptor) [oxidoreductase; EC 1.6.99.3], located on the endoplasmic reticulum and the outer mitochondrial membrane (27) , was also assayed by the methods of Avruch and Wallach (26) . Beta-galactosidase was determined by addition of radioactively labeled AIB to the membrane suspension. This mixture was diluted and filtered immediately and washed with 0.8 M NaCl at 37'. The nitrocellulose filters were dried by heat and the radioactivity was determined in a Beckman liquid-scintillation counter, with a toluene scintillation mixture (Liquifluor; New England Nuclear).
Assay for Uptake of AIB by SV3T3 Cells. The uptake assay is based on a method described by Foster and Pardee (32) 
RESULTS

Membrane fractionation
The enzymatic analysis of a typical fractionation of membrane constituents from SV3T3 cells is shown in Table 1 . The membrane fraction, MV, was used for the uptake studies described in this paper. This fraction contains 4% of the total mitochondrial activity (range, 1-4%) and 13% of the lysosomal activity (range, 5-14%). Twenty-four percent of the NADH oxidase travels with MV.
AIB uptake activity correlates with the plasma membrane markers, (Na+, K+)-ATPase and 5'-nucleotidase. It does not correlate with mitochondrial or lysosomal enzymatic activities. The kinetics of AIB transport in membrane vesicles The uptake of AIB by MV is time dependent (Fig. 1) . As evidence that the accumulated [14C]AIB counts represented uptake of AIB rather than nonspecific binding to the membrane surface, washing the MV with water, at any time during the time-course, reduced the accumulated 14C radioactive material back to the background value. By the use of hyperosmotic conditions to shrink the vesicles, we observed a 2-fold reduction in steady-state levels of AIB transport (data not shown), which is further evidence of intravesicular accumulation of AIB.
Sodium ions at the external surface of the membrane of eukaryotic cells are often required for active transport (33) . The effect of 50 mM NaCI, added simultaneously with AIB to start the uptake reaction (Fig. 1) , is to increase the initial rate of uptake and the maximal level reached from 2-to 4-fold. The response to 50 mM NaCl depends on the concentration of AIB used, and is greater at lower AIB concentrations (our unpublished observations). The stimulatory effect of NaCI most likely results from a transient concentration gradient formed across the membrane, because 50 mM NaCI is nonstimulatory when preequilibrated with the membranes before initiation of uptake. Also, with time, the initial stimulation, seen when NaCl is added with AIB, decreases to the level found when the vesicles are equilibrated with Na+ prior to addition of label.
When there is a requirement of eukaryotic active transport systems for monovalent cations at the external surface of the cell, that requirement is generally specific for Na+ (33, 34) . We have shown ( Table 2 ) that stimulation of AIB transport into SV3T3 membrane vesicles is also specific for Na+ when compared with the other chlorides of alkali metal ions, NH4C1, and choline chloride. In addition, this experiment provides evidence against transient osmotic or ionic strength effects which might cause stimulation of AIB uptake by the membrane vesicles.
The specific Na+-stimulated uptake of AIB is evidence that this uptake is a mediated one. Further evidence for mediated uptake by the membrane vesicles was provided by studies which showed inhibition of AIB uptake by other amino acids (Table 3) . No significant inhibition of uptake by these amino acids was observed in the absence of NaCI.
To compare the parameters, Km and Vmax, obtained for membrane vesicles with those for cells, we determined the effect of AIB concentration on the initial rates of uptake in SV3T3 cells grown on glass coverslips (Materials and Methods). The use of AIB, an amino acid analog which is not metabolized, in initial studies such as these, has the advantage that cells can be more directly compared with membrane-vesicle studies to verify that the transport system has been isolated functionally intact. The kinetics of AIB uptake by SV3T3 cells are biphasic (Fig. 2) . suggest that very little simple diffusion occurs through the membrane vesicles even at 50 mM AIR. However, the possibility that KCI is destroying membrane integrity has not been ruled out.
We determined the effect of Na+ on the uncorrected apparent Km and Vmax values for uptake of AIB by the membrane vesicles, in the range of AIB concentration where uptake was sensitive to Na+. We varied the choline/Na+ ratio, and we measured uptake at a constant 100 mM final salt concentration. In the range 25 mM NaCl to 100 mM NaCI, the uncorrected apparent Km value changed from 3.4 mM to 1.1 mM AIB, and the uncorrected apparent V., value was decreased by one-half (Table 4 and Fig. 4 ). DISCUSSION Our main finding is that AIB uptake by SV3T3 membrane vesicles is specifically stimulated by Na+, only if sodium chloride is added at the start of the uptake reaction. This implies that the energy of a Na+-electrochemical gradient is used to drive AIB uptake. These findings are in agreement with those of Quinlan et al. (18) . Both reports describe the Na+-dependent amino acid uptake into membrane vesicles derived from tissue-culture cells. However, one report (35) described the phenomenon in membrane vesicles derived from Ehrlich Ascites cells and another (36) in membrane vesicles from enterocyte brush border membranes.
We have further shown that the Na+-stimulation is accompanied by alterations in apparent Km values. This would indicate an increase in the affinity of the carrier for AIB in the presence of Na+ according to the models of Heinz and others (33, 34) .
Our results indicate that AIB is take up by the SV3T3 cells and membrane vesicles by two kinetically distinguishable components: one with a low apparent affinity for AIB which is Na+ independent, and the other with a high apparent affinity for AIB which is Na+ dependent. The advantage of membrane-vesicle studies of uptake is that the two systems can be studied independently in the presence and absence of Na+.
